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1. Background and Introduction 

Innovative Bridge Technologies (IBT) include the development and use of novel materials that 
offer improved strength, higher mechanical performance, and, perhaps most importantly, 
superior durability and service life. Ultrahigh performance concrete (UHPC) has all these 
characteristics and has been identified for use in bridge deck overlays and for construction, repair 
and retrofit of bridge girders.  More recently, as featured in an IBT/ABC UTC webinar, the first 
bridge with a 100 % UHPC superstructure was constructed in Michigan. Most UHPC contains 
steel fibers to improve shrinkage resistance and fracture toughness. Replacing the steel fibers 
with organic fibers can greatly improve the strength-to-weight ratio and corrosion resistance of 
UHPC materials, making them even more attractive for bridge elements.  However, steel fiber 
reinforcement of UHPC is still much more common than using organic fibers, and research 
studies of the UHPC with organic fibers are relatively rare and many open questions remain 
before this material can be confidently used for bridges.  The project proposed here will supply 
important data on the microstructure-property relationships of organic fiber-reinforced UHPC, 
thereby advancing the body of knowledge about how this new material can be made with assured 
performance. 

2. Problem Statement 
UHPC for bridge elements, repair materials, and other applications often contains 2 % to 3 % by 
volume of steel fibers to impart resistance to plastic shrinkage, improve its resistance to abrasion 
and impacts, and to provide additional strength and fracture toughness. However, steel fibers are 
much heavier than organic fibers such as polypropylene (PP) or polyvinyl alcohol (PVA), while 
their stiffness and tensile strength are only modestly greater.  UHPC for bridge elements could be 
made with a lower density and potentially higher strength-to-weight ratio if it could be reliably 
made with PP or PVA fibers instead of steel. PP and PVA fibers have the additional advantage 
that they are not susceptible to corrosion, are inert in alkaline environments, have negligible 
water absorption, impart greater impact resistance and abrasion resistance, and contribute less to 
greenhouse gas emissions than their steel counterparts. 
Synthetic fibers have been used to reinforce concrete for at least 40 years [Swamy 1979].  A 
study by Hannawi et al. [2016] compared the relative influences of steel, synthetic, and mineral 
fibers on the microstructure and mechanical properties of concrete.  Compared to steel or mineral 
fibers, synthetic fibers had a more porous interfacial zone with the binder due to the hydrophobic 
nature of the polymer.  The polymer fiber had a negligible influence on the compressive strength 
and elastic modulus, although it did improve the threshold stress for both initial and unstable 
cracking. PVA fibers provided higher cracking resistance than PP fibers, presumably due to 
PVA’s much greater ultimate tensile strength and stiffness.  A more recent study reported that PP 
fibers reduced both the elastic modulus and the compressive strength of UHPC regardless of the 
volume fraction of fibers used [Shen 2023].  But the same study also demonstrated that the PP 
fibers significantly decreased the early-age autogenous shrinkage and cracking potential, 
although an optimum fiber volume fraction was observed, above which these properties both 
degraded. However, neither the study nor the earlier one addressed the distribution of fibers and 
air throughout the microstructure in anything more than a superficial way, and neither study 
examined the influence of mixing parameters on these properties. In addition, those studies did 



not compare the fibers at equal lengths or aspect ratios, so it is difficult to determine the extent to 
which fiber geometry, instead of materials properties, influenced the results. 

3. Objectives and Research Approach  
The objective is to determine the compressive strength, fracture toughness, and strength-to-
weight ratios of chemically pretreated PP-reinforced UHPC as a function of PP dosage. The 
property variations with these variables will be linked to fiber dispersion and macro flaws using 
lab-scale X-ray microcomputed tomography (µCT). 

4. Description of Research Project Tasks 

The following is a description of tasks carried out to date. 

 
Task 1 – Acquire materials and determine experimental variables 

The baseline UHPC mixture will be the published formulation for Cor Tuf UHPC, originally 
developed by the U.S. Army Corps of Engineers [Williams et al. 2009; Roth et al. 2010] and 
now commercialized.  Cor Tuf typically uses hook-ended steel fibers for reinforcement, so we 
will be substituting untreated PP fibers at the same volume fraction as a control formulation. 
From that, we will do exploratory work with fiber volume fractions 20 % greater and 20 % lower 
than the baseline value, examining whether workable mixtures can be made.  Adjustments will 
be made to the fiber dosages, mixing methods, or both, as needed to achieve workable mixtures 
that are free of macroscopic defects. 

In addition, an alkaline chemical pretreatment has been shown in recent work to improve the 
swelling resistance and water absorption of PP fibers, greatly reducing partial hydration near the 
fibers and the attendant large porous defects there that compromise fiber bond to the matrix 
[Masoud et al. 2025].  Therefore, we will examine the effects of a Ca(OH)2 alkaline pretreatment 
of the PP fibers prior to adding them to the mixture. The Ca(OH)2 concentration and submersion 
duration will be determined as part of this task. 

Description of work performed up to this period 

Q1: Materials have been collected and characterized. Initial alkali treatment of PP fibers has 
been performed. Mix design calculations have been completed to provide volume fractions of PP 
fibers equivalent to the volume fraction of steel fibers in the Cor-Tuf UHPC formulation. Initial 
batches of UHPC with and without PP fiber loadings have been made and are currently aging 
prior to compressive strength measurement. 

Q2: Fiber pretreatment by submersion in calcium hydroxide solution correlates with extensive 
fiber agglomeration. The agglomerates appear to survive mixing and lead to poor fiber 
dispersion. 

 



Q3: Fiber pretreatment has been abandoned as a research option due to inability to disperse the 
fibers after pretreatment. Multiple drying and mixing strategies were attempted before 
concluding that PP fiber treatment is not feasible for UHPC applications because of the lower 
water-binder ratio used for UHPC compared to geopolymers for which the pretreatment method 
has been successfully applied. 

The researcher assigned to this project resigned his position effective January 23, 2026. We do 
not anticipate having a replacement until at least October 2026 so work on this project will be 
halted until that time. 

Task 2 – Characterize the apparent porosity and the 3D distribution of fibers, air voids, 
and cementitious binder. 
A lab-scale 3D X-ray micro computed tomography (Micro-CT) instrument (e.g., Bruker 
SKYSCAN) will be used to non-destructively interrogate the 3D microstructure with a spatial 
resolution of about 30-50 µm. The density differences among these three components due to 
their different X-ray absorptions are sufficient to distinguish their geometric characteristics 
within the 3D microstructure image.  The mixtures described in Task 1 will be scanned to 
acquire representative volume elements (RVEs) that are large enough, typically about three times 
the largest feature size, to obtain meaningful statistical representations of the microstructures. 
From the 3D reconstructions obtained, stereological methods will be used to obtain not only the 
air void size distribution, but also the fiber and air spatial distributions (using two-point 
correlation functions).  In addition, scanning electron microscopy will be used to examine the 
structure of the interfacial transition zone between the fiber and binder. 

Description of work performed up to this period  

Q2: Initial batches were created using both untreated fibers and fibers that were pretreated with a 
calcium hydroxide solution to alter their surface properties and prevent them from absorbing 
excess mix water. The pretreatment process was observed to correlate with increased 
agglomeration of the fibers prior to mixing, and the agglomerates lead to a poor fiber dispersion 
in the mixed and hardened material. This was observed by both optical microscopy and scanning 
electron microscopy. 

Task 3 – Measure mechanical characteristics of PP-reinforced UHPC mixtures. 
The microstructure characterization from Task 2 will be correlated with both the mixture 
variables described in Task 1 and important mechanical characteristics.  This task will conduct 
global-scale mechanical testing of UHPC specimens such as compressive strength and flexural 
notched bending beam testing incorporated with a digital image correlation (DIC) technique. 
Scanning electron microscopy (SEM) can also be used to examine fiber-matrix bonding 
characteristics. Test results will be investigated by integrating with porosity and pore 
distribution, fiber volume fraction, and fiber distribution.  We anticipate that the results can also 
be used in a later IBT/ABC project to further investigate micromechanical properties and 
develop and validate a micromechanical model of plastic shrinkage and fracture of the material.  
Such a model can be used to efficiently explore the properties of different mixture designs of 
fiber-reinforced UHPC with a greatly reduced reliance on time-consuming physical testing. 

 



Description of work performed up to this period  

Q3: Compressive strength measurements have been made at 28 d for multiple replicates of 
UHPC made with no PP fibers, with untreated PP fibers, and with PP fibers pretreated in calcium 
hydroxide solutions prior to mixing. The results clearly show that the materials with pretreated 
PP fibers have the lowest average 28-d compressive strength, even lower than the materials with 
no fibers. This further confirms the deleterious effects that fiber agglomeration has on 
mechanical properties.  

5. Expected Results and Specific Deliverables 
Research Outputs: 

• PP fiber characterization data for the project 

• Fiber dispersion and porosity characterization as a function of dosage. 

• Compressive strength at 28 d and flexural notched bending strength at 28 d. 
Deliverables: 

• One submitted peer-reviewed journal paper on research outcomes 

• One domestic conference presentation on research outcomes 

• Quarterly reports 

• Final project report 

Schedule 
Progress of tasks in this project is shown in the table below. 
   
 

Item % Completed 

Task 1 100 % 

Task 2 20 % 

Task 3 20 % 
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